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Abstract: We present a new method to introduce scalar potentials to gauge-invariant
chiral models coupled to supergravity. The theories under consideration contain consistent
higher-derivative terms which do not give rise to instabilities and ghost states. The chiral
auxiliaries are not propagating and can be integrated out. Their elimination gives rise to
emerging potentials even when there is not a superpotential to start with. We present
the case of a single chiral multiplet with and without a superpotential and, in the gauged
theory, up to two chiral multiplets coupled to supergravity with no superpotential. A
general feature of the emergent potential is that it is negative defined leading to anti-de
Sitter vacua. In the gauge models, competing D-terms may lift the potential leading to
stable and metastable de Sitter and Minkowski vacua as well with spontaneously broken
supersymmetry.
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1 Introduction and Conclusions
Higher derivative theories are usually ill-defined in the sense that they suffer from Ostro-
gradski instabilities [1]. These are instabilities caused by terms linear in momentum in
the Hamiltonian as a result of the higher time derivatives. Quantum mechanically these
instabilities are usually shown up as ghost states. It is important therefore to determine
what kind of higher-derivative interactions may give rise to consistent theories. In the case
of scalars coupled to gravity for example, the consistent higher derivative theories we know,
(which are also quadratic in the scalars) contain the terms
LI = φ2R2GB , (1.1)
LII = Gµν∂µφ∂νφ , (1.2)
where
Gµν = Rµν − 1
2
gµνR , R
2
GB = RµνγδR
µνγδ − 4RµνRµν +R2 (1.3)
are the Einstein and the Gauss-Bonnet tensors, respectively. When more fields are involved,
the general case has been discussed in [2], whereas such theories are nowadays known as
galileon [3, 4], or k-essence, for example [9–11].
That LI leads to second order evolution equation follows easily from the fact that
the Gauss-Bonnet combination is a total derivative in four-dimensions and it is linear in
second order derivatives. Instead, LII leads to second order equations as, in Hamiltonian
ADM formalism [5], Gtt and Git contain only first time derivatives, as Gtt and Gti are the
Hamiltonian and momentum constraints.
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In a supergravity setup now, the supersymmetrization of LI has been worked out in
[6, 7] and of LII in [8]. Here, we construct higher-derivative theories of k-essence type, i.e.
theories that the scalar kinetic term K(X) is in general a function of X = (∂φ)2 [9–11].
Such theories apart from their obvious interest as the most generic supersymmetric theories
avoiding Ostrogradski (higher derivatives) instabilities, may also have phenomenological
interest.
It should be stressed that in general there are two different types of higher derivative
interactions: those which lead to equations of motions with higher than two time derivatives
and those which contains at most two time derivatives. The first class leads at the classical
level to the Ostrogradski instability and at the quantum level to ghost states. Here we
are interested only in the second class of models where there are no higher that two time
derivatives in the field equations. We also note that the higher derivative terms we are
employing here are not new (they have appeared at different occasions for different reasons).
Such terms have been considered before in global supersymmetry in [13–15], in which cases
the building block for the theory we consider was introduced. In particular, such term has
been employed in a generic contruction of N = 1 globally supersymmetric Gallileon [14]
and k-essence type lagrangians [15]. Motivated by the latter constructions, and our earlier
work in the new minimal supergravity framework [8], one is tempted to consider such higher
derivative interactions in a locally supersymmetric setup. Although we do not have a recipe
of which higher derivative interactions do not lead to higher time derivatives, the particular
form of the higher derivative terms we will employ satisfy this criterion and therefore are free
from Ostrogradski instabilities and ghost states. Just before the appearence of this work,
another article with the same higher derivative interactions appeared in [17] discussing
however, the ungauged case with a single chiral multiplet.
In our work, we are focusing on the emergence of the scalar potential for more than
one (two) chiral multiplets in general gauged supergravity models. A generic feature of
these models is the modification of the scalar potential. The fact that higher derivative
models indeed modify the effective scalar potential is known. For example, [18] dicuss the
structure of the scalar potential in general higher derivative theories. In this work, we
construct models which explicitly realise this idea.
There are various reasons for which one should consider the most general type of po-
tential in supersymmetric theories. At a more theoretical level, one fundamental question
is if the structure of the standard scalar potential at the two derivative level is maintained
when higher derivatives are included. We find, consistently with previous suggestions [18],
that the scalar potential has completely different structure in the presence of higher deriva-
tives. This has profound effects to the structure of the vacuum and the supersymmetry
breaking. Also, the gauge models we are discussing (and which have not been employed
previously) could lead to different Higgs sectors and potential as the two chiral multiplets
we are considering could be the Higgs mutiplets. In addition, as the theory we will describe
does not contain extra states besides the usual graviton and the scalars (in the bosonic sec-
tor), it can be considered as inflaton (or curvatons) in cosmology. In this context, density
perturbations of the scalar fields will then be a issue to be explored. Moreover, this new
scalar potential seems to have very interesting properties from the supersymmetry breaking
– 2 –
point of view, since it breaks it spontaneously. Thus it can provide new possibilities in a
hidden sector supersymmetry breaking setup.
We will consider chiral multiplets coupled to supergravity. We will write down super-
symmetric actions in N = 1 superspace and explicitly work out the case of a single chiral
multiplet without superpotential. We will see that in this case, the action contains quartic
powers of the auxiliaries which, nevertheless, can still be eliminated by their (algebraic)
equations of motions. As a result of the elimination of the chiral auxiliaries, a potential for
the scalar emerges even though there is no superpotential to start with. Interesting enough,
supersymmetry is always spontaneously broken and there is no supersymmetric vacuum.
The same can be done when the chiral multiplet possess a superpotential as well. In this
case, although more involved, the auxiliaries can still be eliminated giving rise to a quite
complicated scalar potential, completely changing the standard N = 1 one. I addition, we
exploit the case of more than one chiral multiplets coupled to supergravity. Although in
this case, the problem is technically more difficult as one has to solve algebraic equations of
increasing higher order as we increase the number of chirals , we do explicitly a two-chiral
multiplets model with no superpotential.
We consider gauge invariant chiral models as well, where some of the isometries of
the scalar manifold are gauged. In particular we discuss a single chiral multiplet charged
under some Abelian gauge group and no superpotential. In this case, on top of the D-
term contribution to the scalar potential, there exists a new contribution coming from the
emergent potential after integrating out the scalar auxiliaries. We also introduce FI-terms
and we find the saddle points of the potential, which may possess de Sitter, Minkowski
or anti-de Sitter symmetry. Again supersymmetry is always spontaneously broken and
there is no supersymmetric vacuum. Finally, we also discuss gauge models with two chiral
charged multiplets and no-superpotential. This case can also be solved exactly with similar
results.
The lesson from these considerations is that higher derivative terms in supergravity
contribute also to the potential terms. Thus, theories with no potential at the leading two-
derivative level, may develop nontrivial potential when higher derivatives are taken into
account. At this point there are however, two dangerous aspects. The first one concerns
the appearance of the Ostrogradski instability. In the type of theories we are discussing,
this instability is not present as the theory although with higher derivatives, gives rise
to equations of motion with maximum second order time derivatives. This guarantees
causal propagation and no-unphysical ghost states. The second issue concerns the auxiliary
fields. Here, we were able still to eliminate the auxiliaries of the chiral multiplet since they
appeared algebraically in the supersymmetric Lagrangian. In fact, only the modulus of
the auxiliary could be eliminated while its phase is propagating. This is enough however,
as in the bosonic action, only its modulus appear and therefore can be integrated out. It
may happen, and this is the rule actually, that in supersymmetric theories with higher-
derivatives, the auxiliaries turns out to be dynamical and propagating. In that case, they
can not be eliminated and they should be kept in the total Lagrangian. Under such
circumstances there is no emergent potential.
Summarizing, we stress that the standard form of the supersymmetric potential for
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chiral fields coupled to N = 1 supergravity
V = eK
[
gij¯(DiP )(Dj¯P¯ )− 3PP¯
]
(1.4)
is only valid at the leading two-derivative level. Introduction of appropriate higher deriva-
tive terms that do not give rise to pathologies and inconsistencies, modifies considerably
the structure of (1.4) and give rise to a kind of emergent potential even in cases where
there is no one to start with (i.e. no superpotential). In this case, supersymmetry is al-
ways spontaneous broken with de Sitter, Minkowski or anti-de Sitter maximally symmetric
vacua. This is also true in the case of gauged models with or without FI-terms.
In the next section 2. we present the higher-derivative chiral model coupled to N = 1
supergravity. In section 3. we discuss the emergent potential of a single chiral multiplet
with and without superpotential and in section 4. we present the emergent potentials for
gauge models.
2 Chiral Models with Higher Derivatives in Supergravity
Let us consider the most general (two-derivative) superspace Lagrangian of chiral super-
fields coupled to supergravity in superspace formalism 1
L0 = 1
κ2
∫
d2Θ 2E
[
3
8
(
D¯D¯ − 8R
)
e−
κ2
3
K(Φi,Φ¯j¯) + κ2P (Φ)
]
+ h.c. (2.1)
The hermitian function K(Φi, Φ¯j¯) is the Ka¨hler potential [20], P (Φi) is the superpotential
(a holomorphic function of the chiral superfields Φi) and κ is proportional to the Planck
length, which from now on will be set equal to 1. The abbreviations
D¯α˙D¯α˙ = D¯D¯ , DαDα = DD (2.2)
will be used for the sum of the fermionic superspace covariant derivatives and
∫
d2Θ is
the super-integration over the so called new Θ variables. From the supergravity multiplet
sector, 2E is the usual chiral density employed to create supersymmetric Lagrangians, which
in the new Θ variables has the expansion
2E = e
{
1 + iΘσaψ¯a −ΘΘ
(
M∗ + ψ¯aσ¯abψ¯b
)}
(2.3)
in terms of the vielbein (eam), the gravitino (ψm) and the complex scalar auxiliary field M .
We also mention that the off-shell minimal supergravity multiplet also contains another
auxiliary field, the real vector ba. In addition, R, the superspace curvature, is a chiral
superfield which contains the Ricci scalar in its highest component. In the matter sector,
Φi and Φ¯j¯ denote a set on chiral and anti-chiral superfields (D¯α˙Φi = 0, DαΦ¯j¯ = 0) whose
components are defined via projection
Ai = Φi|θ=θ¯=0,
χiα =
1√
2
DαΦi|θ=θ¯=0, (2.4)
F i = −1
4
DDΦi|θ=θ¯=0.
1Our framework and conventions are those of Wess and Bagger [19].
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After calculating the component form of (2.1), integrating out the auxiliary fields and
performing a Weyl rescaling of the gravitational field (accompanied by a redefinition of the
fermionic fields), the pure bosonic Lagrangian reads
e−1L0 = −1
2
R− gij¯∂aAi∂aA¯j¯ − eK
[
gij¯(DiP )(Dj¯P¯ )− 3PP¯
]
. (2.5)
Further details maybe found for example in [19]. Here
gij¯ =
∂2K(A, A¯)
∂Ai∂A¯r¯
(2.6)
is the positive definite Ka¨hler metric, on the manifold parametrized by Ai and A¯j¯ . More-
over, the Ka¨hler space covariant derivatives are defined as follows
DiP = Pi +KiP (2.7)
where
Pi =
∂P
∂Ai
, Ki =
∂K
∂Ai
. (2.8)
The Lagrangian (2.5) is Ka¨hler invariant as long as the superpotential scales as
P (Ai)→ e−S(Ai)P (Ai) (2.9)
under a Ka¨hler transformation
K(Ai, A¯j¯)→ K(Ai, A¯j¯) + S(Ai) + S¯(A¯j¯), (2.10)
where S(Ai) and S¯(A¯j¯) are holomorphic functions of the complex coordinates. From the
form of the supersymmetry transformations of the fermions one can see that
δsusyχ ∼ F (2.11)
Thus, supersymmetry is broken whenever
< DiP >6= 0 (2.12)
since on-shell
F ∗ ∼ −∂P
∂A
− P ∂K
∂A
= DAP . (2.13)
This fact leads to the conclusion that it is possible to have supersymmetric anti-de Sitter
(AdS) or Minkowski vacua but not de Sitter (dS) ones since −3PP¯ ≤ 0 always. It should
be stressed that this is a property of the superpotential and not a general property of the
supergravity theory after integrating out the auxiliary sector. Indeed, there are cases where
anti-de Sitter vaccua maybe uplifted to de Sitter ones [21–23].
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2.1 Higher Derivative Chiral Models
Higher derivative couplings have extensively been studied. Nevertheless, not all possible
such higher derivative terms have an exact supergravity counterpart, and some might not
have one at all. The theory we are interested in, has a superspace Lagrangian of the form
L = L0 + LHD (2.14)
where L0 is the standard superspace supergravity Lagrangian given in eq.(2.1) and
LHD =
∫
d2Θ 2E
{
1
8
(
D¯D¯ − 8R
)
Λr¯in¯j
[
D¯α˙KiDαKr¯D¯α˙KjDαKn¯
]}
+ h.c. (2.15)
Note that (2.15) appeared first in [17] just before present work released wheras the flat-
space limit of (2.15) with global supersymmetry appeared in [13, 15]. It is important that
L is manifestly both Ka¨hler and (independently) super-Weyl invariant, as will be seen later
on. These two symmetry properties, although obviously they do not specify the form of
the action, they are essential in the consistency of the model as well as for the supergravity
theory that it describes. As we will see, (2.15) does not involve derivatives of the auxiliary
fields, which are not propagating and can be integrated out. Equivalently, (2.15) can be
expressed in terms of the chiral superfields Φi as
LHD =
∫
d2Θ 2E
{
1
8
(
D¯D¯ − 8R
)
Λir¯jn¯
[
D¯α˙Φ¯r¯DαΦiD¯α˙Φ¯n¯DαΦj
]}
+ h.c. (2.16)
where
Kir¯ =
∂2K(Φ, Φ¯)
∂Φi∂Φ¯r¯
(2.17)
is the Ka¨hler metric on the complex space spanned by the chiral and anti-chiral superfields
and Λir¯jn¯ represents a Ka¨hler tensor. For example, one may choose
Λir¯jn¯ = G(Φ, Φ¯)Kir¯Kjn¯ +H(Φ, Φ¯)Rir¯jn¯ (2.18)
with G(Φ, Φ¯) and H(Φ, Φ¯) being some Ka¨hler invariant hermitian functions and Rir¯jn¯ the
Ka¨hler space Riemann tensor defined as
Rij¯kl¯ =
∂
∂Φi
∂
∂Φ¯j¯
Kkl¯ −Kmn¯
(
∂
∂Φ¯j¯
Kml¯
)(
∂
∂Φi
Kkn¯
)
. (2.19)
The form (2.18) implies some symmetries for the Ka¨hler indices which, without loss of
further generality, we will assume to be possessed by all the Λir¯jn¯ to be considered in this
work. Our next task is to extract the component field expression for the Lagrangian (2.16),
which after superspace integration turns out to be
e−1LHD = −16 Uir¯jn¯
(
F iF jF¯ r¯F¯ n¯ + ∂aA
i∂aAj∂bA¯
r¯∂bA¯n¯
−F iF¯ r¯∂aAj∂aA¯n¯ − F iF¯ n¯∂aAj∂aA¯r¯
)
. (2.20)
for the pure bosonic sector. In (2.20) we have used the notation
Uir¯jn¯(A, A¯) = Λir¯jn¯(Φ, Φ¯)
∣∣∣
θ=θ¯=0
(2.21)
Again it is easy to see that (2.20) is manifestly Ka¨hler invariant.
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2.2 Super-Weyl Invariance
At this point its is crucial to make a comment on a subtlety concerning the hermitian
vector superfield
V = Λir¯jn¯D¯α˙Φ¯r¯DαΦiD¯α˙Φ¯n¯DαΦj , (2.22)
namely, its scaling properties under super-Weyl transformations. We emphasize that V is
defined through its components. For example, its lowest component will be
V
∣∣∣
θ=θ¯=0
= 4 Uir¯jn¯ χ¯r¯α˙χiαχ¯α˙n¯χαj . (2.23)
Moreover, all components of V should be understood as those of a hermitian vector super-
field defined via projection and will eventually be related to (2.4). This definition will gives
Weyl weight −2 to the vector superfield V , as is required so that (2.16) is indeed Ka¨hler
and super-Weyl invariant. These symmetries are crucial for consistency of the supergrav-
ity Lagrangian on curved superspace. Under a super-Weyl transformation, the superspace
covariant derivatives change as [24]
δΣDα = (Σ− 2Σ¯)Dα − (DγΣ)lαγ
δΣD¯α˙ = (Σ¯− 2Σ)D¯α˙ − (D¯γ˙Σ¯)lα˙γ˙ (2.24)
where the lαγ and lα˙γ˙ stand for the (anti)self-dual parts of infinitesimal Lorentz transfor-
mations. Moreover, by choosing Φi and the tensor Λir¯jn¯ to have vanishing Weyl weights,
i.e.
δΣΛir¯jn¯ = δΣΦ
i = δΣΦ¯
r¯ = 0, (2.25)
and by using (2.24), one may straightforwardly check that under a super-Weyl transfor-
mation, the vector superfield (2.22), scales as
δΣ(Λir¯jn¯D¯α˙Φ¯r¯DαΦiD¯α˙Φ¯n¯DαΦj) = −2(Σ + Σ¯)(Λir¯jn¯D¯α˙Φ¯r¯DαΦiD¯α˙Φ¯n¯DαΦj). (2.26)
Of course, when we perform the super-Weyl rescaling to our Lagrangian (2.16), we have to
consider the variation of the involved superfields in the new Θ variables [19].
3 The Emergent Potential
The main result in this section is to show that, even in those theories where there is no
superpotential, a scalar potential can still be introduced through higher derivatives. A hint
that this is indeed the case, emerges from the fact that higher derivative matter couplings
are likely to change the scalar potential as soon as the equations of motion for the auxiliary
fields are solved and plugged-back into the action [7, 12, 15, 18, 25–28] .
3.1 A Single Chiral Multiplet with no Superpotential
In order to illustrate the appearance of a scalar potential when the superpotential is vanish-
ing, we need to make the effect of the new coupling (2.15) more transparent. Towards this
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target, we will consider first a theory with only one chiral multiplet and no superpotential.
We will discuss this case first as it will better illustrate our results. In addition, absence
of a superpotential may be forced by global symmetries (R-symmetry for example) which
might forbid its appearance. In this case, the Lagrangian (2.14) is explicitly written as
L =
∫
d2Θ 2E
{(
D¯D¯ − 8R
)[3
8
e−
1
3
K +
1
8
Λ D¯α˙Φ¯DαΦD¯α˙Φ¯DαΦ
]}
+ h.c. (3.1)
with Λ being an abbreviation for ΛΦΦ¯ΦΦ¯, a hermitian and Ka¨hler invariant function of Φ
and Φ¯. In component form, the bosonic sector of the Lagrangian (3.1) turns out to be (after
integrating out the auxiliary fields M and ba, and subsequent appropriately rescalings)
e−1Lbos = −1
2
R− gAA¯∂aA∂aA¯+ gAA¯ e
K
3 FF¯
−16 U
{
e
2K
3 (FF¯ )2 + ∂aA∂
aA∂bA¯∂
bA¯− 2eK3 FF¯∂aA∂aA¯
}
(3.2)
where U is a hermitian Ka¨hler invariant function of the scalar field (it is the lowest com-
ponent of Λ, eq.(2.21)). The equation of motion for F is
F¯
(
gAA¯ − 32 Ue
K
3 FF¯ + 32 U∂aA∂aA¯
)
= 0 (3.3)
which can be easily solved for
FF¯ = e
−K
3
( gAA¯
32 U + ∂aA∂
aA¯
)
. (3.4)
The other solution F = 0 brings us back to the standard supergravity case. Two important
comments are in order here. First, one can see that the condition of supersymmetry
breaking is changed. The vev of F , which is related to δsusyχ, is no longer connected to the
derivative of the superpotential. It is rather proportional to the potential itself, a fact that
is reminiscent of the D-term supersymmetry breaking. This is not that surprising since
(2.22) is a vector superfield in any case. Moreover, in the vacuum, since FF¯ is positive, U
has to be positive defined. The on-shell Lagrangian is then
e−1Lbos = −1
2
R+
(gAA¯)
2
64 U − 16 U∂aA∂
aA∂bA¯∂
bA¯+ 16 U∂aA∂aA¯∂bA∂bA¯. (3.5)
What has happened here has completely changed the dynamics of the theory. The minimal
kinematic term for the scalar is lost2, and we are only left with terms strongly resembling
the k-essence [10, 11]. Much more interesting is the appearance of an emerging scalar
potential
V = − 1
64
(gAA¯)
2
U . (3.6)
From the positivity of U we see that the potential (3.6) is negative defined
V < 0 (3.7)
2This peculiarity is waived as soon as a second chiral multiplet is allowed to interact as we will see later.
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and therefore the theory may only have anti-de Sitter vacua. Another important property
of the emerging potential is that it is not built from a holomorphic function.
In order an emerging potential to appear in higher derivative theories with chiral
multiplets, two fundamental issues should be satisfied
1. Instabilities and ghosts states due to higher derivatives should not appear, and
2. the auxiliary F should not be propagating in which case it can not be integrated out
algebraically
The above issues probably make the interaction (3.1) unique and to our knowledge there is
no other higher derivative coupling that can successfully satisfy the above criteria and give
rise to an emerging potential. In the framework of new-minimal supergravity, consistent
higher derivative terms which satsify the above restrictions have been considered [8, 29],
but no scalar potential emerged in that case. Higher derivative interactions have been also
studied in [16], but in that case instabilities appear (as it leads to higher order equations
of motions and thus to Ostrogradski instabilities). Moreover the auxiliary sector can not
be integrated out. Finally, it should be noted that there is work done in higher derivative
matter couplings in the context of conformal supergravity as well, see for example [30].
3.2 A Single Chiral Multiplet with Superpotential
Let us now consider the same single chiral theory but now with a non-trivial superpotential.
In this case, the superspace Lagrangian will explicitly be written as
LP =
∫
d2Θ 2E
{(
D¯D¯ − 8R
)[3
8
e−
1
3
K +
1
8
Λ D¯α˙Φ¯DαΦD¯α˙Φ¯DαΦ
]
+ P (Φ)
}
+ h.c.(3.8)
In component form, after integrating out the auxiliary fields M and ba and performing
appropriate rescalings, the bosonic sector of the Lagrangian (3.8) turns out to be
e−1LbosP = −
1
2
R− gAA¯∂aA∂aA¯+ gAA¯ e
K
3 FF¯
+e
2K
3
(
PFKA + P¯ F¯KA¯ + PAF + P¯A¯F¯
)
+ 3eKPP¯ (3.9)
−16 U
{
e
2K
3
(
FF¯
)2
+ ∂aA∂
aA∂bA¯∂
bA¯− 2eK3 FF¯∂aA∂aA¯
}
.
In order to extract the on-shell theory we should eliminate the rest of the non-dynamical
degrees of freedom, a non-trivial procedure as we shall see. The equation of motion for F
reads
F¯
{
gAA¯ − 32 Ue
K
3
(
FF¯
)
+ 32 U∂aA∂aA¯
}
= −eK3
(
PKA + PA
)
. (3.10)
Let us now define
a = −32 UeK3 ,
b = gAA¯ + 32 U∂aA∂aA¯,
c = e
K
3
∣∣∣PKA + PA∣∣∣, (3.11)
x = FF¯
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in terms of which equation (3.10), after being multiplied by its hermitian conjugate, turns
out to be
x(ax+ b)2 = c2. (3.12)
Using Cardano’s method, the solutions for x(i) (i = 0, 1, 2), are
x(i) = −
2b
3a
+ t(i),
t(i) = ω
i
(
−q
2
−
√
q2
4
+
p3
27
)1/3
− ω3−i p
3
(
−q
2
−
√
q2
4
+
p3
27
)−1/3
,
ω = −1
2
+ i
√
3
2
(3.13)
with
p = − b
2
3a2
,
q = − 2b
3
27a3
− c
2
a2
. (3.14)
Therefore, the on-shell Lagrangian in terms of the ti, will have the form
e−1LbosP |ti = −
1
2
R− gAA¯∂aA∂aA¯− 16 U∂aA∂aA∂bA¯∂bA¯
+3eKPP¯ − eK3
[
3
2
a(ti)
2 − bti
]
(3.15)
and supersymmetry is broken for
〈x(i)〉 = 〈−
2b
3a
+ t(i)〉 6= 0. (3.16)
These solutions correspond to three different perturbative vacua of (3.9). The standard
road is to plug x0 into the theory. This corresponds to the ordinary vacuum of minimal
supergravity, as has been argued by recent work in global supersymmetry [15, 28]. This can
be seen first of all by the supersymmetry breaking signal, which remains PKA + PA 6= 0.
A more extensive treatment on this can be found in a resent work [28] in the context of
supersymmetry and in [17] in the context of supergravity.
4 Gauge Invariant Models
The Lagrangian (3.1) can be straightforwardly be generalized to include gauge invariant
interactions [31–34]. In this case, the gauge invariant superspace Lagrangian is
Ltot =
∫
d2Θ 2E
{
3
8
(
D¯D¯ − 8R
)
e−K˜/3 +
1
16g2
H(ab)(Φ)W
(a)W (b) + P (Φ)
+
1
8
(
D¯D¯ − 8R
) [
Λ˜r¯in¯j D¯α˙K˜iDαK˜r¯D¯α˙K˜jDαK˜n¯
]}
+ h.c. (4.1)
– 10 –
where
K˜ = K(Φ, Φ¯) + Γ(Φ, Φ¯, V ), (4.2)
and
Γ(Φ, Φ¯, V ) = V (a)D(a) + 1
2
gir¯X
i(a)X¯ r¯(b)V (a)V (b). (4.3)
In addition, as usual, V (a) is the supersymmetric Yang-Mills vector multiplet and
Wα = W
(a)
α T
(a) = −1
4
(
D¯D¯ − 8R
)
e−VDαeV (4.4)
is the gauge invariant chiral superfield containing the gauge field strength. The holomorphic
function H(ab) is included for generality, but in what follows we will consider H(ab) = δ(ab).
Expression (4.3) is calculated in the Wess-Zumino gauge, D(a) are the so-called Killing
potentials whereas Xi(a) and X¯ r¯(b) are the components of the holomorphic Killing vectors
that generate the isometries of the Ka¨hler manifold. The Killing vectors and the Killing
potential are connected via
gir¯X¯
r¯(a) = i
∂
∂ai
D(a), (4.5)
gir¯X
i(a) = −i ∂
∂a¯r¯
D(a) (4.6)
where ai and a¯r¯ are the Ka¨hler space complex co-ordinates. We note that the D(a) that
correspond to some U(1) gauged symmetry are only determined up to a constant ξ, which
is the analog for the Fayet-Iliopoulos D-term in supergravity. Now Λ˜r¯in¯j has to respect
all the isometries of the Ka¨hler manifold. Again, following the standard procedure, the
bosonic part of the Lagrangian (4.1) turns out to be
e−1Ltot = −1
2
R− gir¯D˜mAiD˜mA¯r¯ + eK3 gir¯F iF¯ r¯
− 1
16g2
F (a)mnF
mn(a) − 1
2
g2
(D(a))2
− e 2K3
(
F iDiP + F¯
r¯Dr¯P¯
)
+ 3eKPP¯ (4.7)
−16 U˜ir¯jn¯
(
e
2K
3 F iF jF¯ r¯F¯ n¯ + D˜aA
iD˜aAjD˜bA¯
r¯D˜bA¯n¯
−eK3 F iF¯ r¯D˜aAjD˜aA¯n¯ − eK3 F iF¯ n¯D˜aAjD˜aA¯r¯
)
.
We note that
D˜cA
j = ∂cA
j − 1
2
B(a)c X
j
(a) (4.8)
is the covariant derivative and B
(a)
c is a vector field (belonging to the V (a) vector multiplet)
that corresponds to the gauged isometries, with field strength F
(a)
mn.
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4.1 Emergent Potential for a Single Chiral Multiplet with no Superpotential
In order to illustrate the properties of the emergent potential in the case of gauged models,
our first example will be a single chiral multiplet with no superpotential. In this case the
Lagrangian (4.7) is
e−1Ltot = −1
2
R− gAA¯D˜mAD˜mA¯+ e
K
3 gAA¯FF¯
− 1
16g2
F (a)mnF
mn(a) − 1
2
g2
(D(a))2 (4.9)
−16 U˜
(
e
2K
3 (FF¯ )2 + D˜aAD˜
aAD˜bA¯D˜
bA¯− 2 eK3 FF¯ D˜aAD˜aA¯
)
.
The single auxiliary field F can now be eliminated from (4.9) by its equations of motion,
leading to
FF¯ = e
−K
3
(
gAA¯
32 U˜ + D˜aAD˜
aA¯
)
. (4.10)
Plugging (4.10) back in (4.9), we can easily read-off the potential for the gauged model
which turns out to be
V = 1
2
g2
(
D(a)
)2 − (gAA¯)2
64 U˜ (4.11)
with U˜ = U˜AA¯AA¯, a Ka¨hler-space tensor that respects all the isometries of the gauged
group. For a first example we will take a flat model with Ka¨hler potential
K = aa¯+ d (4.12)
which leads to
gaa¯ = 1 , Raa¯aa¯ = 0 (4.13)
The U(1) Killing potential is
D(1) = aa¯+ ξ (4.14)
where the parameter ξ corresponds to the aforementioned freedom to shift the U(1) Killing
potential. When we promote a and a¯ to the superfields Φ and Φ¯, our Ka¨hler potential K
together with the counter term Γ become
K˜U(1) = ΦΦ¯ + V ΦΦ¯ +
1
2
V 2ΦΦ¯ + d+ V ξ. (4.15)
The bosonic part of our Lagrangian in component form then turns out to be
e−1LU(1) = −
1
2
R− 1
16g2
FcdF
cd
−16 U˜D˜aAD˜aAD˜bA¯D˜bA¯+ 16 U˜D˜aAD˜aA¯D˜bAD˜bA¯ (4.16)
−1
2
g2
(
AA¯+ ξ
)2
+
1
64 U˜ ,
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with D˜mA = ∂mA+
i
2BmA. Then the scalar potential is
V = 1
2
g2
(
D(a)
)2 − 1
64 U˜ . (4.17)
A simple choice for U˜ could be
U˜ = mgAA¯gAA¯ = m, (4.18)
where m is a positive constant. It is also possible to allow m to be some function of the
Killing potential
D(1) = aa¯+ ξ (4.19)
as we will see in a moment. From (4.17) one can see that the interplay between ξ, g and
m provides de Sitter, Minkowski or anti-de Sitter vacua, all with broken supersymmetry
1) anti-de Sitter :
1
2
g2ξ2 <
1
64m
2) Minkowski :
1
2
g2ξ2 =
1
64m
3) de Sitter :
1
2
g2ξ2 >
1
64m
.
Other choices of L are also possible. For example by choosing
U˜ = k
64
(AA¯)2
AA¯+ ξ
(4.20)
a richer structure for the potential emerges depending on the values of the parameter k.
The shape of the potential (4.17) for various values of the parameter k, in units of g2ξ
is plotted in Fig.1. We see that depending on the value of k, we may have stable de
Sitter (branches III,IV), Minkowski (branch II) or anti-de Sitter backgrounds (branch I).
A general property is nevertheless the appearance of metastable de Sitter backgrounds for
a large range of k.
I
II
IIIIVV
A
-2 -1 1 2
0.5
1.0
Figure 1. The shape of the scalar potential (4.17) in units of g2ξ for L˜ given in (4.20) for various
values of the parameter k. I. k = 3.6 ξ, II. k = 3.37 ξ, III. k = 3.2 ξ, IV. k = 2.8 ξ
As a second example, we can take
K = ln(1 + aa¯) (4.21)
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for the Ka¨hler potential, and
D(1) =
1
2
a+ a¯
(1 + aa¯)
, D(2) = − i
2
a− a¯
(1 + aa¯)
, D(3) = −1
2
(
1− aa¯
1 + aa¯
)
(4.22)
for the S2 = SU(2)/U(1) Killing potentials. In this case we get that
gaa¯ =
1
(1 + aa¯)2
, Raa¯aa¯ = − 2
(1 + aa¯)4
(4.23)
. Then, for a constant positive parameter m and
U˜ = mgAA¯gAA¯, (4.24)
by using that (
D(1)
)2
+
(
D(2)
)2
+
(
D(3)
)2
=
1
2
(4.25)
we find that the scalar potential turns out to be
VS2,EP =
1
4
g2 − 1
64m
. (4.26)
From (4.26) we see that the only effect of the uplifted emerging potential is to inherit the
theory with some cosmological constant, depending on the parameters ξ, g and m.
4.2 Emergent Potential for Two Chiral Multiplets with no Superpotential
We now introduce a second chiral multiplet, but still no superpotential. The only restriction
we place on the Ka¨hler potential is that it has the form
K = K1(Φ1, Φ¯1) +K2(Φ2, Φ¯2) + d (4.27)
with K1 and K2 hermitian functions of Φ1, Φ¯1 and Φ2, Φ¯2, respectively. Moreover we shall
restrict the higher derivative scalar couplings to the simple form
Λ˜ir¯jn¯ = mK˜ir¯K˜jn¯ , (4.28)
withm some positive definite function of the superfields that respects the gauged isometries.
The equations for the two auxiliaries F 1 and F 2 are
16g22¯ y D˜aA
2D˜aA¯1¯−32eK3 x+16gjn¯D˜aAjD˜aA¯n¯+16g11¯D˜aA1D˜aA¯1¯ = −m−1,
16g11¯
1
y
D˜aA
1D˜aA¯2¯−32eK3 x+16gjn¯D˜aAjD˜aA¯n¯+16g22¯D˜aA2D˜aA¯2¯ = −m−1 (4.29)
where we have defined
x = gjn¯F
jF¯ n¯ , y =
F¯ 2¯
F¯ 1¯
. (4.30)
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Equations (4.29) can be combined in order to provide a solution for x which is found to be
x =
1
4
e
−K
3
(
1
8m
+ 3gjn¯D˜aA
jD˜aA¯n¯
)
±1
4
e
−K
3
{(
g11¯D˜aA
1D˜aA¯1¯ − g22¯D˜aA2D˜aA¯2¯
)2
(4.31)
+4g11¯g22¯D˜aA
2D˜aA¯1¯D˜bA
1D˜bA¯2¯
} 1
2
.
Then, plugging back into the action (4.7), the on-shell theory is
e−1Ltot = −1
2
R− 1
4
gir¯D˜aA
iD˜aA¯r¯ − 1
16g2
F
(a)
cd F
cd(a) +
1
64m
− 1
2
g2
(
D(a)
)2
+9m
(
gir¯D˜aA
iD˜aA¯r¯
)2 − 16mgir¯gjn¯D˜aAiD˜aAjD˜bA¯r¯D˜bA¯n¯
+4mg11¯g22¯D˜aA
2D˜aA¯1¯D˜bA
1D˜bA¯2¯ +m
(
g11¯D˜aA
1D˜aA¯1¯ − g22¯D˜aA2D˜aA¯2¯
)2
±
(1
4
+ 6mgir¯D˜aA
iD˜aA¯r¯
){(
g11¯D˜aA
1D˜aA¯1¯ − g22¯D˜aA2D˜aA¯2¯
)2
+ 4g11¯g22¯D˜aA
2D˜aA¯1¯D˜bA
1D˜bA¯2¯
} 1
2
(4.32)
where we notice that the minimal kinetic terms have not dissapeared and a number of
DBI-like kinetic terms have appeared in the action along with the higher derivatives. The
interchanging ± signs inside the Lagrangian are a manifestation of the higher derivative
(safe nevertheless) nature of this supersymmetric theory, due to which, there exists the
possibility to have more than one solutions for the auxiliary fields. The interesting part is
that the potential of this theory is still the uplifted emergent potential (4.11), thus, with a
suitable choice of the Ka¨hler and Killing potentials one can achieve the various properties
discussed earlier. For example, for a U(1) gauged isometry we have
K = a1a¯1¯ + a2a¯2¯ + d , D
(1) = a1a¯1¯ + a2a¯2¯ + ξ , (4.33)
with the scalar potential given by
V = 1
2
g2
(
A1A¯1¯ +A2A¯2¯ + ξ
)2 − 1
64m
(4.34)
where m can be a positive constant or a gauge invariant positive definite hermitian function
of the fields A1, A¯1¯ and A2, A¯2¯.
Summarizing, the well-known standard form of the N = 1 potential (1.4) is only
valid at the leading two-derivative level. Whenever higher-derivatives are introduced, an
emerging scalar potential appear even when there is no superpotential. The emerging
potential is negative defined and can be uplifted to positive values in gauge chiral models
by D-term contributions. There are many open problems to be discussed in the future
among which is the possible applications of our findings to High Energy phenomenology.
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